Pesticides play an important role in preventing insect pests and weeds in crops. However, due to the serious threat of pesticide residues to environmental and human health, this paper reviews the hazards of pesticide residues, the mechanism of microbial degradation of pesticides, the factors that aff ect the degradation of pesticides and the new application of microbial degradation of pesticides.
Infl uencing factors of pesticide degradation
Pesticides in the environment are mainly adsorption and degradation of two kinds of where the degradation of pesticides can be divided into biodegradable and non-biodegradable two ways. In the light, heat and chemical factors under the action of degradation of the phenomenon of non-biodegradable; and in plants and animals or micro-organisms in vivo degradation of biodegradation. Biodegradation is mainly microbial degradation in pesticide degradation to occupy a dominant position.
(1) Environmental factors: pesticides into the environment, will be subject to a number of environmental factors, such as: temperature, humidity, pH, water content, organic matter content, viscosity and climate. Generally, in the case of high temperature and humid, organic matter rich, pH alkaline, pesticide is easy to be degraded low. Thomas and Jennifer were used to study the degradation of the soil in the soil, and the degradation effi ciency of the pesticide in the soil was improved when the soil was added with compost, stem and sawdust to improve the organic matter content.
(2) The factors of pesticides: pesticide molecular structure, the use of pesticide concentration and pesticide drug history also aff ect the degradation performance of pesticides. Pesticides because of its molecular structure and physical and chemical properties of diff erent biodegradability sensitivity is very diff erent. For example, 2,4-D and 2,4-T, due to the addition of 1 chlorine atom at the 5th C atom, the time required for degradation is increased from 14d to 200d, 2,4,5-T It is quite diffi cult to degrade by microorganisms.
(3) The impact of micro-organisms: the main way of degradation of pesticides is carried out under the action of microorganisms, so the degradation of pesticides have a signifi cant impact on pesticides. The variety of microbes, the number of large, is conducive to the degradation of pesticides. Wang Qian et al., isolated from the activated sludge and a strain of Pseudomonas aeruginosa, mixed bacteria than the single bacteria degradation rate, the removal rate of methamidophos up to 95.15% to 97.14%.
Microbial degradation
Biodegradation studies began in the 1940s, and it was initially thought that biodegradation refers to the destruction or mineralization of aerobic microbes in the soil, water and wastewater biological treatment systems for natural and synthetic organic matter. With the deepening of the degradation of organic pollutants, the connotation of biodegradation is deepening and expanding. Since the role of microorganisms in the various biodegradation is greatest, it is generally mentioned that biodegradation mainly refers to microbial degradation [6] . On the current level of technology, chemical pesticides in the future for a long time or irreplaceable products. Therefore, the solution of pesticide residues in the environment has become a hot topic in the world. Among them, the microbial repair is universally recognized as a safe and eff ective method of remediation of soil pollution [7] .
The mechanism of microbial degradation of pesticides
Microorganisms on the role of pesticides can be divided into two categories [8] , a class of microorganisms directly on the role of pesticides, pesticide degradation by enzymatic reactions, often said that pesticide microbial degradation belong to this category; one is through microbial activity Changed the chemical and physical environment and indirectly applied to pesticides. Common modes of action are mineralization, co-metabolism, bioconcentration or cumulative eff ects and microbial eff ects on pesticides. Microbial degradation of pesticides through enzymatic reactions are mainly oxidized, dehydrogenation, reduction, hydrolysis, synthesis and other types of reactions.
When the degradation of microbial pesticides is caused by its intracellular enzymes [9] , the whole degradation process through three steps: (1) the adsorption of pesticides on the surface of microbial cells, the process is a dynamic balance, but also lead to the early degradation The critical phase of the lag phase. (2) Pesticides penetrate the cell membrane into the membrane, the bacteria in a certain amount of pesticide on the cell membrane permeability determines its penetration of the cell membrane, pesticide penetration of the cell membrane is the degradation rate limit step. This penetration rate of pesticides is closely related to the molecular structure parameters of pesticides (mainly lipophilic parameters and steric hindrance parameters). (3) Pesticides in the cell membrane through the combination with the degrading enzyme enzymatic reaction, which is a rapid process.
Mineralization
There are many chemical pesticides are natural compounds analogues, can be used as a source of microbial nutrients by microbial decomposition, the formation of inorganic, carbon dioxide and water. Mineralization is the best way to degrade. This is because the pesticide is completely degraded into non-toxic inorganic matter. Shi Lili et al [10] studied the degradation of methyl parathion and its degradation mechanism in Pseudomonas vaginalis DLL-1. It was pointed out that DLL-1 bacteria could completely degrade methyl parathion into NO2-and NO3-.
Co-metabolism
Some of the synthetic compounds cannot be degraded by microorganisms, but if there is another carbon matrix and energy for the presence of auxiliary matrix, they can be partially degraded, this effect is called co-metabolism [11] . The degradation of the monomethylamine product of Pseudomonas dactylus DR-8 was 2,4-dimethylaniline and NH3, and the DR-8 strain could not grow with monomethylamine as carbon source and energy, Other organic nutrient matrix as a carbon source under the conditions of degradation of methamidine, and the degradation products are not fully mineralized, belonging to the common metabolic type [12] . The main principle of using microbial remediation of environmental pesticide pollution is the use of organic pesticides as a carbon source, nitrogen source, the complex pesticide compounds into simple compounds, or completely decomposed into CO2, H2O, NH3, thereby reducing pesticide residues in the environment And toxicity [13] . Lin Gan and other cypermethrin as the target pollutants, through enrichment and culture of aerobic treatment tank sludge, obtained a better degradation of the pollutants of the mixed culture of microorganisms, with the microbial degradation of bacteria, the cypermethrin biodegradation The characteristics of the experimental study. The results showed that the mixed culture could improve the degradation rate of cypermethrin by using cypermethrin as the only carbon source, nitrogen source and energy source, and the appropriate amount of carbon source could increase the degradation rate of cypermethrin [14] .
Other microbial degradation pathways

Hydrolysis
Under the action of microorganisms, the ester bond and the dialkylamine bond hydrolyze, so that the pesticide detoxifi cation, such as malathion, propanil and other degradation.
Dehalogenation
Fecal hydrocarbon pesticides, in the role of the enzyme, the substituents on the halogen by the H atom or carboxyl, to replace the loss of toxicity, such as DDT degradation into DDE is such a reaction.
Oxidation
Microorganisms through the synthesis of oxidase, the molecular oxygen into the organic molecules, especially organic molecules with aromatic ring, insert a hydroxyl or form an epoxide, such as carbendazim and 2,4-D degradation.
Nitro reduction
N2O in the pesticide to NH2, such as 2,4-dinitrophenol, the degradation products for the 2 -amino -4 -nitrophenol and 4 -amino -2 -nitrophenol; parathion to amino -phosphorus.
Methylation
Add toxic phenols to methyl groups to passivate them, such as pentachlorophenol, tetrachlorophenol and other degradation.
Demethylation
Containing methyl or other hydrocarbon groups, connected to N, O and S, to remove these groups into non-toxic substances, such as dexamethasone degradation of the removal of two N-methyl.
Commonly used pesticide degradation of microorganisms
Microorganisms play the most role in a variety of biodegradable, so far, a variety of biodegradable pesticides have been isolated, including bacteria, fungi, actinomycetes and algae [15] . Bacteria have a variety of biochemical capacity, easy to mutagenesis, in the biological restoration of the main position, of which the most active Pseudomonas strains, a variety of pesticides \\ fungicides and herbicides [16] play a highly eff ective degradation The At present, the study of bacteria is more extensive. Table 1 is the degradation of common pesticides for biology [17] . 
The impact of microbes themselves
The microbial species, metabolic activity, environmental adaptability and so on have a direct impact on the degradation of pesticides, and microbial spatial distribution, population density and interaction with other microorganisms have determined the degradation effi ciency of microorganisms. A large number of experiments have shown that diff erent microbial species or the same species of diff erent strains of the same organic substrate reactions are very diff erent [18] . Microorganisms develop the ability to degrade through a certain adaptation process, the introduction of new compounds, or the generation of corresponding enzymes by gene mutations under the ability of strong adaptation and domestication [19] . The functional characteristics and changes of microbial degradation are also important factors infl uencing the degradation ability and mechanism. Microbes because of their own habits [20] on the degradation of diff erent pesticides have diff erent results, which is the researchers generally concerned about the problem, with the deep understanding of micro-organisms, pesticide degradation research will be developed by leaps and bounds.
Eff ects of Pesticide Structures
The molecular weight of the pesticide compounds, the structure of the space, the type and number of substituents aff ect the diffi culty of degradation of microorganisms [15] . Under normal circumstances, the polymer compounds than the low molecular weight compounds diffi cult to degrade, polymers, complexes more resistant to biodegradation [21] ; simple structure than the complex structure of the complex degradation [24] . Chen Yali et al. [22] found that compounds with -OH or -NH2 on the benzene ring were more susceptible to degradation by Pseudomonas sp. WBC-3, which was usually prehydroxylated and re-opened Principle consistent. Potter et al. [22] studied the degradation of PAHs under small compost conditions. It was noted that the aromatics of 2-4 rings were more likely to degrade than the 5-6 ring aromatics.
Most of the present environmental pollutants are synthetic biologically heterologous organic substances that do not exist in nature, and tend to exhibit strong resistance to microbial degradation. The reason may be that these compounds are relatively short, Microorganisms have not evolved to degrade the metabolic mechanisms of these compounds. Although some dangerous compounds may be degraded slowly in nature by the synergistic action of naturally occurring microbial populations, this remains a new challenge for the microbial world. The process by which microorganisms are able to degrade the capacity of a compound by changing its own information is slow, and the natural evolutionary process of microbes is clearly unable to meet the requirements compared to the currently widely used synthetic heterologous substances. Therefore, Will cause the imbalance of the entire ecosystem [23] . Therefore, it is very important and urgent to study some methods that enable microbial populations to achieve maximum degradation of the isoforms in a relatively short period of time.
Impact of environmental factors
Pesticide pollution and its degradation of microorganisms in which the environment temperature, humidity, pH, containing C and N and other organic matter content, salinity, matrix adsorption, viscosity and ventilation, can aff ect the degradation of pesticides pollution of pesticides The Most microorganisms have the optimum growth temperature, and the degrading enzyme also has the optimum reaction temperature. The change of temperature can affect the metabolism of microorganisms, the enzyme activity of degrading enzymes and even the physical state of pesticide pollution, thus affecting the degradation rate. In general, pH acidic, which is conducive to fungal reproduction, pH alkaline or neutral, conducive to bacterial reproduction. PH alkaline, organic phosphorus, organochlorine pesticides themselves are susceptible to degradation, residual low. In the humid, rich organic matter content, well ventilated environment, conducive to aerobic or facultative anaerobic microbial growth. Mo-hui et al [24] pointed out that the activity of microbial degradation of polycyclic aromatic hydrocarbons in compost is closely related to the concentration and moisture content of oxygen. When the content of oxygen in compost is less than 18% and the moisture content is more than 75%, compost is from aerobic Conditions into anaerobic conditions, thereby aff ecting the degradation of PAHs. Kastner et al. [25] argue that the eff ect of organic substrate content on pesticide contamination degradation in composting is greater than that in composting for the degradation of pesticide contamination in the case of composting with soil contaminated with PAHs. Co-metabolic degradation of pesticide-contaminated microorganisms is more important because microbes do not produce energy when metabolically reducing pesticide contamination, requiring additional carbon and energy sources to replenish energy.
Microbial degradation of pesticide technology
Application of transgenic technology
Molecular biology, genetics and other disciplines of rapid development led to the emergence of a variety of biotechnology, coupled with bioinformatics, proteomics, genomics and other new disciplines quickly rise, are people to create 'super pesticide pollution degradation bacteria' provides a good condition. The mechanism of degradation and regulation of degrading enzyme gene was clarified at the DNA level, and more degradation genes were cloned and the highly degraded microorganisms were prepared. The results showed that the degradation mechanism of the biodegradable microorganisms and the pesticide pollution degradation plasmids and pesticide pollution-degrading enzymes were more deeply studied. Of the gene pool, the use of modern genetic engineering to build more effi cient 'pesticide pollution degradation engineering bacteria' or 'pesticide pollution degradation enzyme expression system', broaden the degradation spectrum, improve the degradation capacity [26] .
Construction and Application of Multi -strain Complex System
Previous studies on biodegradation of pesticide contamination have focused on pure culture with a single microbial strain, and it has now been shown that the pure culture of a single strain is not as well as mixed culture. Because a single microorganism does not have the genetic information of all the enzymes required for biodegradation, and their time of acclimation in the refractory compound is not suffi cient to evolve the complete metabolic pathway, many pure cultures have found that during biodegradation Toxic intermediate material accumulation, so thorough mineralization usually requires one or more of the nutrient flora (such as fermentation -hydrolysis bacteria, sulfur bacteria, acetic acid producing bacteria and methanogens). A part of the microbial degradation, through several microbial relay and synergistic effect, after a multi-step reaction to the toxic compounds completely mineralized, microbial community action more resistant to biodegradation of toxic substances [27] .
Application of immobilized microbial technology
Immobilized microbial technology is a new type of biotechnology that emerged in the 1980s by locating free cells or enzymes in a defined spatial region by chemical or physical means to keep them active and reusable, Bioreactor microbial cell concentration and purity, and to maintain high efficiency bacteria, secondary pollution and other characteristics. The use of immobilization technology to fi x the degradation of microorganisms and enzymes, and then used to deal with pesticides contaminated soil or water, has good prospects for development.
Microbiological problems in the degradation of pesticides
Although pesticide residues in microbial degradation research has made great progress, but also has some examples of applications, but most of the research in the laboratory, pesticide degrading bacteria completely out of the laboratory to the practical application of a way to go. Pesticide microbial degradation of the main problems are the following aspects.
Pure culture of single strain
Previous studies have focused on pure culture of a single strain, obtaining purely cultured strains in the laboratory, and then studying its properties and degradation mechanisms. However, this method is completely inconsistent with the actual situation, the natural state, is a variety of microbial coexistence, through the interaction between the microbial degradation of pesticides [28] . Pesticide residues are often present in complex environments such as soil, agricultural and sideline products and waste. [29] Even if the degradation activity of a strain in the laboratory is large, it may not survive or fail to achieve the desired eff ect under this complex condition The Therefore, the viability and degradation activity of microorganisms in the actual environment need to be further studied, and it is necessary to determine whether the selected strains belong to the dominant species [30] .
Eff ects of environmental conditions on microbial degradation of pesticides
The external environment has great infl uence on the growth of microorganisms and the degradation of pesticides, such as the temperature, moisture content, pH and oxygen content of the environment, and these factors in the natural environment change greatly, which directly aff ects the degradation of pesticides. How to overcome the impact of the environment in order to give full play to the role of target microorganisms is a major problem to be solved.
Eff ect of Biodegradation of Target Compounds on Degradation
Whether the concentration of the target compound can cause the growth of the microorganism, and the compound composition of the pesticide contaminated environment is very unstable and fl uctuates greatly, which makes it diffi cult to project the microbial degradation of the pesticide compound.
The degree of diffi culty of contact of microorganisms with degraded substances
Pesticide contaminated environment with soil, air, water and fruits and vegetables, for soil and water pollution, microbes are easy to contact with pollutants, and thus play their degradation function. However, for pesticidecontaminated food, it is diffi cult to use residual microorganisms to degrade residual pesticides because microbes cannot come into contact with residual pesticides present in the object and cannot exert their eff ects, but only the parts that remain on the surface of the object. This restriction requires people to solve as soon as possible, thereby expanding the scope of application of microbial degradation of pesticides.
Adaptability of microorganisms
Whether the vaccinated microorganisms can adapt to the polluted environment, not only the physical environment mentioned above, but also the relationship between organisms. The microbes that are inoculated into the environment are affected by the inhibitory substances, or are affected by the indigenous microorganisms, including the predator, and are not even antagonistic, which can cause the inoculated microorganisms to become a dominant bacterium and thus lose their pesticide Degradation. Construction of multi-strain complex system, with the advantages of stability and strong anti-pollution, but even the multi-bacteria mixed culture of the complex system also exist can become a dominant group of problems.
Development Trends and Prospects
Microbial degradation of pesticides has been developed at present. Microbial strains of various degraded pesticides have also been isolated and identified. However, the practical application of bioremediation by microbes is often aff ected by its low degradation effi ciency. In recent years, with the development of genetic engineering and molecular biology research technology, researchers began to shift the focus to the construction of highly efficient engineering bacteria, using gene recombination technology, the expression of highly efficient degradation of pesticide enzyme gene into the carrier, Transformation of engineering bacteria, in order to improve the degradation of specifi c protein or enzyme expression levels, thereby improving the degradation efficiency, both to overcome the enzyme in the environment can not be stable problems, but also to maintain the high activity of the enzyme. In short, the use of genetic engineering technology so that people can be set up in accordance with the needs of human beings with special function of the degradation of the plasmid, resulting in high degradation efficiency, degradation of a wide range of stable expression of the new strain. With the further development of genetic engineering, the potential of microorganisms in pesticide degradation will be more fully refl ected.
